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Effectiveness of hydrotherapy as an adjunct treatment for the management of
breast cancer related lymphoedema in women following breast cancer surgery: a
systematic review
Abstract
Cancer is a leading cause of death and disability around the world. Of all cancers, breast cancer commonly
ranks amongst the top three. Surgical intervention for breast cancer is common and a possible side effect
of this is breast cancer related lymphoedema (BCRL). Women with breast cancer related lymphoedema
commonly have regional limb swelling and pain, which can negatively impact mental and social well-being
as well as upper limb function. Hydrotherapy is therapeutic modality which may be used as an adjunct
to self-management strategies after the intensive phase of lymphoedema management. Yet despite its
popularity, recent research has questioned its effectiveness in clinical practice.
Purpose: To determine the effectiveness of hydrotherapy as an adjunct treatment to usual care on arm
volume and pain when compared with usual care alone for women with breast cancer related
lymphoedema.
Method: A comprehensive search of eight electronic databases, including Medline, Embase, CINAHL,
Scopus, Web of Science, AMED, The Cochrane Library and PEDro was completed. Studies of adult women
with secondary upper limb lymphoedema following breast cancer surgery, which measured lymphoedema
volume, pain, upper limb and QOL outcomes were included. Methodological quality was assessed using
a modified CASP tool for randomised controlled trials. The NHMRC FORM methodology was utilised to
synthesise the evidence and provide an overall grade of recommendation.
Results: Four randomised controlled trials and one controlled clinical trial were included in this systematic
review. Critical appraisal of the included studies revealed overall methodological quality to be moderate.
Hydrotherapy interventions duration varied between 8 to 12 weeks with some similarities between
outcome measures assessed. Collectively, there is mixed evidence to support the positive impact of
hydrotherapy as an adjunct treatment on reducing lymphoedema volume in the short-term and emerging
evidence for upper limb function, pain and QOL.
Conclusion: A small number of studies have investigated the effect of hydrotherapy as an adjunct
treatment in the breast cancer related lymphoedema population. Hydrotherapy could be considered as
an adjunct treatment for women with breast cancer related lymphoedema, although the evidence base is
mixed. Hydrotherapy may have positive physiological as well psychosocial impacts, as it is delivered in a
group setting. However, the current literature base is limited by small sample size, lack of standardised
exercise parameters, inadequate baseline characteristic assessment and limited long-term follow-up.
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Abstract
Cancer is a leading cause of death and disability around the world. Of all cancers, breast cancer commonly ranks amongst the
top three. Surgical intervention for breast cancer is common, and a possible side effect of this is breast cancer related
lymphoedema (BCRL). Women with breast cancer related lymphoedema commonly have regional limb swelling and pain, which
can negatively impact mental and social well-being as well as upper limb function. Hydrotherapy is therapeutic modality which
may be used as an adjunct to self-management strategies after the intensive phase of lymphoedema management. Yet despite
its popularity, recent research has questioned its effectiveness in clinical practice. Purpose: To determine the effectiveness of
hydrotherapy as an adjunct treatment to usual care on arm volume and pain when compared with usual care alone for women
with breast cancer related lymphoedema. Method: A comprehensive search of eight electronic databases, including Medline,
Embase, CINAHL, Scopus, Web of Science, AMED, The Cochrane Library and PEDro was completed. Studies of adult women
with secondary upper limb lymphoedema following breast cancer surgery, which measured lymphoedema volume, pain, upper
limb function, and QOL outcomes were included. Methodological quality was assessed using a modified CASP tool for
randomised controlled trials. The NHMRC FORM methodology was utilised to synthesise the evidence and provide an overall
grade of recommendation. Results: Four randomised controlled trials and one controlled clinical trial were included in this
systematic review. Critical appraisal of the included studies revealed overall methodological quality to be moderate.
Hydrotherapy interventions duration varied between 8 to 12 weeks with some similarities between outcome measures assessed.
Collectively, there is mixed evidence to support the positive impact of hydrotherapy as an adjunct treatment on reducing
lymphoedema volume in the short-term and emerging evidence for upper limb function, pain and QOL. Conclusion: A small
number of studies have investigated the effect of hydrotherapy as an adjunct treatment in the breast cancer related
lymphoedema population. Hydrotherapy could be considered as an adjunct treatment for women with breast cancer related
lymphoedema, although the evidence base is mixed. Hydrotherapy may have positive physiological as well psychosocial
impacts, as it is delivered in a group setting. However, the current literature base is limited by small sample size, lack of
standardised exercise parameters, inadequate baseline characteristic assessment, and limited long-term follow-up.
BACKGROUND
Breast cancer develops when abnormal cells in the breast grow in an uncontrolled manner. 1 Within Australia, of all cancers,
breast cancer is the third most commonly diagnosed cancer (27.3%) in women with an estimated health care cost of $331
million.1,2 With increasing focus on screening, early detection, and intervention, the current survival rate for women following
breast cancer diagnosis is estimated at 90%.1 Management of breast cancer includes surgical intervention (removal of affected
breast tissue and lymph nodes), which may be complemented by radiotherapy and chemotherapy. 1 A common clinical issue
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following surgery affecting 20% of women is breast cancer-related lymphoedema (BCRL), also referred to as secondary
lymphoedema.1,3 BCRL is characterised by an accumulation of protein rich fluid in the interstitial space resulting from the removal
of axillary lymph nodes and impaired lymph drainage, primarily localised to the upper limb. 1,4
Symptoms of BCRL vary but include regional limb swelling, sensations of heaviness, tightness, pain, and paraesthesia resulting
in reduced limb function and negatively impacting mental and social well-being.3,5 Conservative management of BCRL involves
intensive (therapist-led) and self-management phases, which incorporate education, skin care, compression therapy, manual
lymphatic drainage and exercises.6 Surgical and other interventions such as low level laser therapy and pharmacological
interventions are only utilised when conservative management fails. 1 In recent times, hydrotherapy has been proposed as
complementary to usual care for BCRL. The wide-ranging benefits of hydrotherapy in health care have been well documented.7
The principles underpinning hydrotherapy for BCRL are that buoyancy assists shoulder range of motion, the water viscosity
facilitates muscular strengthening, and hydrostatic pressure stimulates lymphatic flow, direction of travel, and lymphoedema
removal through pressure exerted on lymphatic vessels.8 An intervention that underpins these hydrotherapeutic principles is the
aqua lymphatic therapy (ALT) method.9 This method incorporates self-massage, exercise, and compression therapy with an
emphasis on slow rhythmic movements and deep breathing.9
With improved survival rates following breast cancer, the focus of breast cancer management has shifted from mortality to
morbidity and promoting activity, participation, and function, and it is in this context that hydrotherapy may have a role to play.
The effectiveness of hydrotherapy for BCRL has been investigated in a recent systematic review by Yeung and Semciw, who
concluded that hydrotherapy was not effective for BCRL.10 While this was a high quality systematic review, it has some
limitations. Firstly, hydrotherapy was compared to standard care, and in clinical practice, hydrotherapy is rarely offered as a
stand-alone intervention. Secondly, the search strategy did not include grey literature with searching limited to merely five
databases until January 2017. Finally, the systematic review (Level II on National Health and Medical Research Council
(NHMRC) Evidence Hierarchy) only included randomised controlled trials, despite the availability of a number of other studies
which could contribute to the evidence base.
This systematic review addressed the limitations of the previous systematic review in a number of ways. The review investigated
the effectiveness of hydrotherapy as an adjunct treatment for BCRL, which reflects what occurs in clinical practice and hence
has immediate clinical relevance. The search was comprehensive with inclusion of a number of databases including grey
literature, which resulted in identification of new research. Furthermore, this review has an explicit focus on the parameters of
hydrotherapy and uses the NHMRC FORM framework to synthesise the results. 11 Thus, the aim of our review was to evaluate
the effectiveness of hydrotherapy as an adjunct to usual care on arm volume and pain when compared with usual care alone,
specifically considering intervention parameters.
METHODS
This review protocol is registered with PROSPERO (registration number: CRD42017060403).
Search Strategy
This review was produced in accordance with the Preferred Reporting Items for Systematic Reviews and Meta- Analyses
(PRISMA) statement.12 In April 2017, eight electronic databases were searched by two independent reviewers. Primary
electronic databases searched included Medline, Embase, CINAHL, Scopus, Web of Science, Allied Health, and
Complementary Medicine Database (AMED). Appendix 1 displays the search strategy used to search the Medline database.
Secondary databases searched included The Cochrane Library and the Physiotherapy Evidence Database (PEDro). Only
studies published in English were included. Reference lists of key studies identified via electronic database searches were
canvassed to identify any additional seminal studies (Pearling). Grey literature was also searched including prominent
organisational websites (e.g. Cancer Australia and the Australasian Lymphology Association). Table 1 outlines the framework
used to construct the research question using the Population, Intervention, Comparator, and Outcome (PICO) format. The
following experts in lymphoedema management were contacted to ensure comprehensive identification of all relevant studies:
Asha Ketteridge from the Adelaide Lymphoedema Clinic and internationally recognised authorities Marie-Eve Letellier and Dorit
Tidhar. Internet search engines (Google and Google Scholar) were utilised to identify literature not readily available or yet
published in primary and secondary databases.
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Table 1: PICO Search Strategy
Definition
Adult women with secondary upper limb lymphoedema following breast cancer surgery
Hydrotherapy as an adjunct to usual care for breast cancer related lymphoedema
Usual care for breast cancer related lymphoedema
Primary: Lymphoedema volume & pain; Secondary: Upper limb function & QOL

Study Design
All variations of primary and secondary research evidence were searched for within the literature. However, only randomised
controlled trials (RCT) and controlled clinical trials (CCT) were included in this review.
Population
Studies were considered for inclusion if participants were adult women with secondary upper limb lymphoedema following breast
cancer surgery and who had completed the intensive phase of lymphoedema management. They were also included if
participants with BCRL had undergone additional treatment for breast cancer, including radiotherapy and chemotherapy. Study
exclusion occurred if lymphoedema was not attributed to breast cancer surgery and if participants were still categorised in the
acute post-surgical phase.
Intervention
Studies were considered for inclusion if hydrotherapy was utilised as an adjunct to usual care. Studies applying Aqua Lymphatic
Therapy (ALT) and water-based exercises to complement usual care were also included. Studies were excluded if focused on
spa therapy or scar management.
Outcome Measures
Primary outcomes of interest were pain and lymphoedema arm volume. Secondary outcomes of interest included Quality of Life
(QOL) and upper limb function. Studies incorporating the following outcome measures were included in this review:
• Pain: Visual Analogue Scale (VAS), Numerical Rating Scale (NRS) or the McGill Pain Questionnaire Short Form (MPQSF).
• Lymphoedema arm volume: Volumetry (water displacement and circumferential measurement using tape measures),
infrared laser perometry and electrical impedance spectroscopy.
• QOL: Functional Assessment of Cancer Therapy - Breast Cancer (FACT-B version 4) questionnaire, the Upper Limb
Lymphoedema (ULL-27) questionnaire and the European Organisation of Research and Treatment of Cancer Quality of
Life (EORTC QLQ-BR23) questionnaire.
• Upper limb function: Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, upper limb range of movement
(ROM) measured with a goniometer and grip strength measured with a dynamometer.
Study Selection
Two reviewers independently undertook the search of each database in order to ensure reliability and reproducibility. The results
from each database were exported into the industry standard bibliographic software tool Endnote™ to manage and sort studies
identified through database searches and to facilitate duplicate removal. The remaining studies were transferred to data
management software for systematic reviews, Covidence™. Once a preliminary list of studies was formulated from the database
searches, the title and abstract of the studies was considered in conjunction with the exclusion/inclusion criteria. The two
reviewers independently screened the titles and abstracts to identify the studies to be included. Where the reviewers were unable
to ascertain inclusion/exclusion status from the title and abstract alone, the full-text was reviewed. The final list of included and
excluded studies was then independently verified and approved by an external reviewer who had expertise in the systematic
review processes
Risk of Bias
The methodological quality of the included studies was independently assessed by all five reviewers using a modified Critical
Appraisal Skills Program (CASP) Randomised Controlled Trials critical appraisal assessment tool.13 The eleven-part
questionnaire was rated with “yes,” “no,” and “can’t tell.” Majority consensus determined the final rating of the study in question.
The reviewers modified the CASP to give it a numerical score; “yes” = 2, “can’t tell” = 1 and “no” = 0. Studies could be awarded
a minimum score of 0 and maximum score of 22. Additionally, due to the nature of the studies, question four was modified so
that a full score could be obtained if the study personnel were blinded and question two was eliminated to account for the CCT.
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Data extraction:
Customised data extraction forms were developed specifically for this systematic review. These forms contained key elements
including study type, population, intervention, comparator, outcomes, and results/ statistics of studies identified as pertinent to
the review question. All five reviewers independently extracted relevant information from the included studies to ensure reliability
and consistency. A meta-analysis could not be undertaken due to general heterogeneity of the included studies and the extracted
data.
Data Synthesis
The review team utilised the NHMRC FORM methodology to grade and provide a framework to synthesise the evidence from
the literature.11 The NHMRC FORM methodology considers all evidence dimensions of all studies, which are used in the
development of a specific recommendation. There are five key components: 1) quantity and quality of evidence, 2) consistency,
3) clinical impact. 4) generalizability, and 5) applicability to the Australian health-care setting. The applicability component was
not used in this review, given the findings may be relevant to an international population. This framework allowed evidencebased recommendations for future research and clinical practice to be made.
RESULTS
Search Results
The search strategy generated 214 “hits,” and following removal of duplicates and review of full-text versions, five studies were
included in the review. One of the final five included studies was identified by Pearling. Figure 1 provides an overview of the
literature selection process. Reasons for exclusion of potentially relevant articles include:
• Not a RCT or CCT design
• Intervention did not include hydrotherapy
• No primary outcome measures used

Figure 1: PRISMA Flowchart
Ranking and Methodological Quality
Ranking and methodological quality of the included studies were undertaken using the NHMRC evidence hierarchy and the
modified CASP RCT critical appraisal assessment as seen in Table 2.13,14 According the NHMRC evidence hierarchy, four
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studies were classified as level II6,8,16,17 and one was classified as III-115. Common methodological flaws were attrition bias (not
accounting for all study participants at the conclusion of the study), inconsistencies with similarity at baseline, and outcome
measures considered. Two of the studies adequately accounted for all the participants by using an intention to treat analysis.6,8
Only one study included all relevant biopsychosocial outcomes based on the inclusion criteria specified for this systematic
review.8 One study that included baseline measurements had similarity between groups.16
Modified Critical Appraisal Skills
Program (for Randomised
Controlled Trials)
Question Number
Q1: Did the trial address a clearly
focused issue?
Q2: Was the assignment of patients
to treatments randomised?
Q3: Were all patients who entered
the trial properly accounted for at its
conclusion?
Q4: Were study personnel “blind” to
treatment?
Q5: Were the groups similar at the
start of the trial?
Q6: Aside from the experimental
intervention, were the groups treated
equally?

Table 2: CASP Scores
Hayes et al.17
Johansson
et al.16
RCT
RCT
(NHMRC II)
(NHMRC II)

Letellier et
al.8
RCT
(NHMRC II)

Tidhar &
Katz-Leurer6
RCT
(NHMRC II)

Lindquist et
al.15
CCT
(NHMRC III-1)

2

2

2

2

2

0

0

2

2

0

2

2

2

2

2

1

2

0

0

0

2

2

2

2

2

Q7: How large was the treatment
effect?*
Q8: How precise was the estimate of
the treatment effect?*
Q: Can the results be applied in your
2
2
2
2
context?
Q7: Were all clinically important
0
0
2
0
outcomes considered?
Q8: Are the benefits worth the harms
0
2
2
2
and costs?
TOTAL SCORE /16
9
12
14
12
TOTAL SCORE IN % (3sf)
56.3%
75%
87.5%
75%
Scoring: Yes = 2, Can’t Tell = 1, No = 0 *Questions 7 & 8 did not require a score to be allocated.

2
0
2
10
62.5%

Study Characteristics
The characteristics of each study are outlined in Table 3. Publication dates of the included studies ranged from 2009 to 2017.
They comprised of four single-blinded RCTs and one single-blinded CCT. The studies were conducted in Canada, Australia,
Israel and two in Sweden.6,8,15,16,17
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Table 3: Study Characteristics
Study

Hayes et al.17

Design
n
Population

RCT
32
No Rx = 6/12

Intervention

LBE & hydro 20
sessions x 12/52

Comparator

Johannson et al.16

Letellier et al.8

Tidhar & KatzLeurer6
RCT
48
Intensive phase of
CPT ≥2/52
ALT 45 min/week for
12/52
Self-management

Pilot RCT
25
Surgery ≥6/12
No Rx = 3/12
Hydro 3x30
min/week sessions
for 8/52.
Self-management

RCT
25
Surgery ≥6/12

Usual habitual
activities
Lymphoedema vol.
• Bio-impedance
spectroscopy
• Perometry

Continue exercises
prior to study
Lymphoedema vol.
• Bio-impedance
spectroscopy
• Perometry
• Water
displacement
UL Function
• Shoulder ROM

LBE 25-30 mins/day
Self-massage
Lymphoedema vol.
• Water
displacement
• Arm
circumference
Pain
• MPQ-SF
UL Function
• Upper extremity
function (DASH)
• Grip strength
(dynamometer)
QOL
• FACT-B version 4

Self-management

Results

Lymphoedema vol.*
• No significant
change

Lymphoedema vol.*
• No significant
change
UL Function*
• Flexion: p≤0.001
• ER: p=0.7
• Abduction: p=0.32

Lymphoedema vol.**
• vol.: p=0.3
• circumference:
p= 0.12
Upper limb function**
• Grip strength:
p=0.008
• DASH: p=0.016

Lymphoedema vol.
• Short-term***:
(p<0.01)
• Long-term: nil
QOL*
• Emotional: p=0.03
• Social: p=0.01
• Physical: p=0.39

Main Findings

Hydro: Nil adverse
events

Hydro: Improved
shoulder ER and
flexion

ALT: Pain reduction
p=0.04*

ALT: Short-term
lymphoedema
improvement
Aspects QOL
improved

Outcomes

ALT 60 min/week for
12/52
LBE 25-30 mins/day
Self-massage

Lymphoedema vol.
• Water
displacement
QOL
• ULL-27

Lindquist et al. 15
CCT
88
Completed CPT
intensive phase
Hydro 50
min/week for
10/52
LBE for 10/52
Self-management
Lymphoedema
vol.
• Water
displacement
• Arm
circumference
UL Function
• DASH
• Shoulder ROM
QOL
• Body image:
Modified Likert
Scale
• Wellbeing:
Visual digital
Scale
Lymphoedema
vol.
• p=0.029*
• p=0.046**
UL Function
DASH*
• p=0.049
Shoulder ROM*
• ER: p=0.54
• Elevation:
p=0.014
(hydro)
• Abduction:
p=0.229
QOL*
No significant
change
Hydro: Reduction
in lymphoedema
volume

Key: *Intergroup comparison analysis, **Baseline-post intervention analysis, *** Change immediately post intervention,
n = Number of Participants, Rx = Treatment, ALT = Aqua Lymphatic Therapy, CPT = Complex Physical Therapy, Hydro =
Hydrotherapy, LBE = Land Based Exercise, UL = Upper Limb, Mins = Minutes, ER = External Rotation, Vol. = Volume, ROM =
Range of Movement, ULL-27 = Upper Limb Lymphoedema Questionnaire, FACT-B version 4 = Functional Assessment of
Cancer Therapy – Breast Cancer,
DASH = Disabilities of the Arm, Shoulder and Hand Questionnaire, MPQ-SF = McGill Pain Questionnaire Short Form.
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Participant Characteristics
The number of participants in the studies were 48, 25, 32, and 88.6,8,15,16 All participants were women who had undergone lymph
node removal for breast cancer and experienced secondary lymphoedema as a result. One study included both upper limb and
lower limb lymphedema; however, for the purpose of this review, only the upper limb results were considered. 15 All studies
required participants to have completed the intensive phase of CDT. In three studies, women were a minimum of six months
post-surgery.8,16,17 Participants in the study by Tidhar & Katz-Leurer were on average between five to five and a half months
upon statistical comparison, and in the study by Lindquist et al., participants were on average eight years post breast cancer
treatment.6,15
Types of Intervention
Four of the five studies reviewed were supervised by physiotherapists. The participants in the unsupervised sessions received
instructions on how to perform the exercise program.16 The “ALT method” was utilised as the foundation for the intervention of
two studies.6,8,9 In adjunct to “ALT method,” Letellier et al. incorporated the “Fluid motion- Exercises for Lymphoedema” DVD,
which included a number of land-based remedial exercises and lymphedema therapy in the section for arm-related
lymphedema.8 Both Hayes et al. and Lindquist et al. designed a hydrotherapy program that incorporated generalised strength
and aerobic exercises, with Lindquist et al. additionally including active and passive stretching. 15,17 Comparatively, Johannson
et al. combined aerobic and specific shoulder ROM exercises.16 Intervention duration ranged from 8 to 12 weeks with three
studies conducted for 12 weeks, one for 10 weeks, and the other 8 weeks.6,8,15-17 Three studies required participants to complete
the intervention once weekly with sessions lasting 45 minutes, 50 minutes and 60 minutes.6,8,15 One study required participants
to undergo three weekly sessions with a duration of 30 minutes16. Additionally, one study had a total of 20 sessions over a 12week period with a progressive increase of duration from 20 to 30 minutes in the first week to 45+ minutes in the final week. 17
In two studies compression garments were worn8,15, in one it was optional17 and in two it was not a requirement6,8,15-17. Three
studies reported on pool temperature, with the studies using the ALT method ranging from 31 ˚to 33˚C 6,8 and Lindquist et al.
utilising a pool temperature of 28 ˚to 29˚C.6,8,15 Table 4 provides an overview of the intervention parameters.
Outcomes
Table 5 summarises the results of limb volume, pain, QOL, and upper limb function for the respective studies.
Primary Outcomes
Limb Volume
All studies investigated the effect of hydrotherapy on upper limb volume. Water displacement and circumferential measures
were taken in three, while bioimpedence spectroscopy and perometry were measures reported in two studies. 6,8,15-17 Tidhar &
Katz-Leurer and Lindquist et al. reported significant reduction (p<0.01; p=0.029) in limb volume immediately following
hydrotherapy.6,15 There was no significant difference in reduction of arm lymphoedema volume between groups in the study by
Lindquist et al.; however, a higher proportion of participants in the hydrotherapy group experienced reduced lymphoedema
arm volume following the intervention.15
Pain
Letellier et al. was the only study to examine pain as an outcome, using the MPQ-SF.8 They found that following ALT, there was
a significant reduction in pain (p=0.04) with a moderate effect size of -0.7.
Secondary Outcomes
Quality of Life
Quality of life was investigated in two studies.8,9 Letellier et al. found that there was a significant improvement in QOL within the
ALT group (p=0.021).8 However, compared to the control group, which undertook a land-based exercise and self-massage
program, there was no significant difference between groups. Tidhar and Katz-Leurer used the ULL-27 Questionnaire and
reported significant improvement in the emotional and social dimensions (p=0.03; p=0.01). 6 However, they did not find
improvement in the physical dimension component.
Upper Limb Function
Three studies investigated the benefit of hydrotherapy for upper limb function. Lindquist et al. found that there was no significant
benefit in shoulder range of motion following hydrotherapy, despite improvement in each domain.15 Additionally, the
hydrotherapy group demonstrated no improvement in DASH scores. Johannson et al. identified that improvements in shoulder
flexion and external rotation were significant (p < 0.001; p=0.07), but abduction was not.16 Letellier et al. identified significant
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improvements in both the control and intervention groups in affected side grip strength from baseline measures to postintervention (p=0.008).8 There was no statistically significant difference between the groups following intervention.
Table 4: Intervention Parameters
Study

Weeks 1-4:
• Aerobic: Low-mod
(RPE: 3-5)
• Strengthening: Low
(20 reps/ex)
Weeks 5-8:
• Aerobic: Mod
(RPE: 4-6)
• Strengthening: Mod
(15 reps/ex)
Weeks 9-12:
• Aerobic: Mod-high
(RPE: 4-7)
• Strengthening: Modhigh (10 reps/ex)

Weeks 1-4:
3

Duration
Time (min)
Weeks
Weeks 1-4:
12
20-30

Weeks 5-8:
4

Weeks 5-8:
30-45

Weeks 912: ≥4

Weeks 912:
45+

N

Mod (RPE: 11-13)

3

30

8

1. ALT method (Tidhar,
Shimony & Drouin 2004):
• DB
• Proximal and distal UL
movements
• Massage
Compression garments (2030mmHg)
Pool Temp: 31-33 C
2. SM ("fluid motion DVD)
• Self-massage
• ROM/corrective
• Strengthening exercises

Y

Low
Emphasis on slow
rhythmic movements +
DB

ALT: 1
SM: ≥6

ALT: 60
SM: 25-30

ALT: 12
SM: 12

Tidhar &
Katz-Leurer6

ALT method (Refer to
Letellier et al. (2014) above
Pool Temp: 32 – 33 C

Y

Low
Emphasis on slow
rhythmic movements +
DB

1

45

12

Lindquist et
al.15

Hydro:
• Strength, mobility &
aerobic exercise
• Hold/relax exercises of
affected limb & DB.
Compression garments
Pool Temp: 28 -29 C

Y

Mod

1

50

10

Hayes et al.17

Summary

Supervision
(Y/N)

Weeks 1-2:
• FBE (aerobic)
Weeks 3-4:
• FBE (aerobic)
• Hydro (aerobic)
• Hydro (resistance)
Weeks 5-8:
• Aerobic (mixed)
• Hydro (resistance)
• FWE (land)
Weeks 9-12:
• Aerobic (mixed)
• MRE (land)
Compression garments
optional

Y*

Johannson
et al.16

Swimming + shoulder ex.
(performed with shoulder
immersed)
6 exercises, 10 reps

Letellier et
al.8

Intensity

Frequency/
week

Key: FBE = Floor Based Exercise, Hydro = Hydrotherapy, FWE = Free Weight Exercise, MRE = Machine-weight Resistance
Exercise,
Mod = Moderate, RPE = Rate of Perceived Exertion, DB = Deep Breathing, ALT = Aqua Lymphatic Therapy, SM = SelfManagement, Temp = Temperature, Y = Yes, N = No, * = some supervision provided.
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Table 5: Summary of Results
Primary Outcomes
Pain
Lymphoedema
Volume
NR
ND

Secondary Outcomes
QOL
Upper Limb
Function
NR
NR

Johannson et al.16

NR

ND

NR

*+

Letellier et al.8

*+

+

+

+

NR

*+

*+

NR

NR

+

NR

+

Study

Tidhar &

Katz-Leurer6

Lindquist et

al.15

Key:
NR = No results (for this outcome measure in this study)
ND = No difference (between intervention and control)
 = Reduction with intervention
 = Increase with intervention
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* = Results are statistically significant (P<0.05)
+ = Results are positive for intervention
- = Results are not positive for intervention

NHMRC Body of Evidence Framework
Table 6 synthesises the results of the included studies using the NHMRC FORM framework. The included studies, despite being
ranked as high level evidence, could only be considered as moderate quality due to methodological concerns. Furthermore, the
evidence base is mixed due to variability in terms of outcome measures, baseline characteristics, differing intervention programs
and a lack of long term follow-up; care should be taken when considering clinical application of hydrotherapy for BCRL.
Therefore, there is mixed evidence to support the use of hydrotherapy as an adjunct treatment to usual care in BCRL and care
should be taken in its application.
Table 6: NHMRC Body of Evidence Framework
Component
Evidence base

Grade
B – Good
one or two level II studies with a low risk
of bias

Consistency

C – Satisfactory
Some inconsistency reflecting genuine
uncertainty around clinical question

Clinical impact

C – Satisfactory
Moderate

Generalisability

B – Good
Population studied in the body of
evidence are similar to the target
population for the guideline

Grade of
Recommendation

C – Body of evidence provides some
support for recommendation(s) but care
should be taken in its application
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Comments
Quantity: total of five studies
Level II: four studies
Level III-1: one study
Quality: Moderate
Consistent study design except one
Not all studies had baseline statistical comparisons
Although baseline data was available, not all potential cofounding
variables were considered (socio-economic status)
Large variety of outcome measures
All intervention protocols were well described, one study did not
describe the control
Findings were mostly consistent for outcomes except for
lymphoedema volume
Only one study investigated pain as an outcome
No adverse effects were reported, however, reasons for dropouts were
not always disclosed
No studies had follow up
Population included is consistent with target population
Studies conducted in four different countries that have different ethnic,
religious and cultural beliefs
Participants were recruited from previous clinical trials and
lymphoedema health services
Two studies conducted power calculations, only one met the criteria.
Most studies had relatively small sample sizes.
The studies were of moderate quality.
The current evidence base is mixed with discrepancies in outcome
measures, baseline characteristics, differing intervention programs and
a lack of long term follow-up.
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DISCUSSION
The aim of this systematic review was to determine the effectiveness of hydrotherapy as an adjunct treatment for the
management of upper limb BCRL. Despite the scarce evidence base, the included studies were of moderate methodological
quality, with the majority being RCTs. Collectively, there is mixed evidence to support the positive impact of hydrotherapy on
reducing lymphoedema volume in the short-term and emerging evidence for upper limb function, pain, and QOL. This finding is
contrary to a recently published systematic review and meta-analysis on a similar topic which concluded that there is no benefit
of hydrotherapy over standard land-based care.10
There are a number of reasons this conflicting finding. First, Yeung and Semciw investigated hydrotherapy as a replacement
treatment to usual care, whereas this review has focused on it as a complement to usual care. 10 We considered hydrotherapy
as a complement to usual care as this reflects what occurs in routine clinical practice. In clinical practice settings, hydrotherapy
is likely to be used as one of a package of treatments and not as a stand-alone treatment. Therefore, hydrotherapy is commonly
used as an adjunct to other treatments. Second this systematic review included an additional study, which was not considered
by Yeung and Semciw.10,15 This addition may have altered the evidence base. Finally, while Yeung and Semciw undertook a
meta-analysis, this systematic review utilised a different framework (NHMRC FORM guide) to synthesis the evidence base. 10
Unlike a meta-analysis, which reports on combined effect size, the NHMRC FROM guide considers a range of different evidence
constructs when framing a recommendation.
Type and Intensity
Evidence from a doctoral research study suggests that slow, rhythmical movements incorporated into exercise programs with
massage and deep breathing, as in the case of ALT, was the most effective method for reducing lymphoedema in the shortterm compared to other lymphoedema management.18 This is consistent with the findings of this review, with the two studies
that used ALT reporting improvements in lymphoedema volume.6,8 A possible explanation for the effectiveness of this method
includes slowly increasing pressure to shift lymph, creating a “pumping” response from frequent rest breaks dispersed within
exercise and lymphatic stimulation through massage, as proposed by Williams. 19 According to Beursken et al., ROM and
strengthening exercises are an essential component in the improvement of upper limb function in a land-based setting.20 This is
consistent with this review’s findings, where all studies that investigated upper limb function had positive improvements. The
three studies all incorporated different exercises to target upper limb function, and consequently, although it appears to be an
integral element, the type, intensity, and how they are integrated into a program cannot be determined.
It has been suggested that hydrotherapy for the reduction of lymphoedema volume is best undertaken in a pool temperature of
28˚ C.21 Interestingly, two studies that were undertaken at temperatures closer to thermo-neutral (33.5°C-34.5°C) had positive
results in lymphoedema volume. 22 Therefore, temperature may not be a primary consideration but rather the exercise program
design that may hold greater importance. Compression therapy is considered the gold standard treatment for lymphoedema and
has been proven effective in reducing lymphoedema volume.23 Despite the strong evidence for compression therapy, there was
no obvious correlation between the beneficial effects of wearing compression garments in addition to hydrotherapy alone. It is
possible that there was no additional benefit due to the hydrostatic properties of water. 7 Additionally, Yeung and Semciw
identified in their review, that adherence may have been a critical factor in compression garments not providing any benefit.10
Duration/Frequency
A previous study on land-based management in a BCRL population found that nine supervised sessions over a twelve week
period was sufficient for an improvement in upper limb function.20 Although upper limb function is only one outcome in the
multidimensional management of BCRL with hydrotherapy, all studies included in this review were inclusive of or exceeded nine
treatment sessions over an eight to twelve week period. This suggests that in terms of overall duration, eight to twelve weeks
may be a sufficient amount of time to yield improvements in some of the outcomes of interest. However, no recommendation
regarding frequency can be made due to inconsistency in the total number of sessions within the studies. Furthermore, there
appears to be no benefit in an increased frequency in the number of sessions resulting in more beneficial outcomes, as changes
were found across the domains irrespective of frequency. The time period of the individual hydrotherapy sessions varied across
the five studies, ranging from 20 to 60 minutes, with one study increasing the length of the hydrotherapy sessions progressively
throughout the course of the program.17
Method of Delivery
Research indicates that factors affecting QOL such as self-confidence, self-esteem, motivation, and optimism improve in women
with BCRL when participating in group therapy exercise classes.24 Two of the studies included in this review, which conducted
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group based sessions, demonstrated an improvement in QOL.6,8 This finding is similar to that of Woo et al. who suggest that
social and emotional well-being may be enhanced in a group treatment setting due to shared experiences. 25
Physiotherapist supervision is an important factor associated with method of delivery as physiotherapist led exercises programs
have been correlated with improved outcomes when compared with unsupervised exercise interventions. 26,27 Four of the five
included studies had physiotherapist supervision, one of which was only partially supervised.6,8,15-171 However, the partially or
unsupervised interventions did not appear to have differing outcomes to supervised sessions. The findings from this review
seem to be contradictory to findings from the literature on the benefits of supervision of exercise interventions. One explanation
for this might be due to provision of clear, comprehensive session programs. Although there was no difference in outcomes,
specialised programs such as ALT may benefit from initial supervision to ensure the key principles are adhered to. There were
no adverse outcomes across the studies; therefore, hydrotherapy was found to be a safe intervention to complete with or without
supervision.
Limitations:
As with any research, this systematic review has limitations. Despite the inclusion of several RCTs, some were pilot studies with
numerous methodological limitations (small sample size, dissimilarity at baseline). All studies had small sample sizes except for
the CCT conducted by Lindquist et al., which included 88 participants.15 Only one study that conducted power calculations met
the required participant numbers.6 Consequently, a clinically meaningful effect cannot be determined for the remaining studies.
Three of these studies did not complete power calculations8,16,17 and one did not meet the requirement.8,15-17 Outcomes assessed
in all studies were only monitored immediately post-intervention and at the conclusion of the study, with the longest follow up at
12 weeks. Consequently, the long-term effect of the interventions cannot be commented on. Additionally, any effects that were
identified immediately post-intervention were not followed up at a later time; thus, the lasting effect is unknown. The primary
outcome of lymphoedema volume was represented in all studies. Pain, which was also identified as a primary outcome, was
only included in one study.8 Pain has been identified as one of the most common symptoms associated with BCRL. It has been
reported that pain has a large influence on secondary psychosocial and functional outcomes. 3 Consequently, it is a limitation of
the current evidence that pain is not a principle consideration. The secondary outcomes of QOL and upper limb function were
present in two and three studies respectively. These outcomes were included to determine the effect hydrotherapy has from
both physiological and holistic perspectives. Consequently, a complete representation of the effect of hydrotherapy as an adjunct
treatment to usual care in secondary upper limb BCRL cannot truly be determined.
A requirement of this intervention is affordable and regular access to an appropriate hydrotherapy pool. While this may be
accessible in some settings (such as metropolitan areas), barriers to access may exist in other settings (such as rural and
remote). Supervision, pool memberships, and program costs may be additional factors that affect service delivery and are
potential barriers to consider. Despite a comprehensive search strategy, potential for language bias should be acknowledged
as only English language articles were included in this systematic review.
CONCLUSIONS
Implications for Clinical Practice
There is mixed evidence to support the use of hydrotherapy as an adjunct treatment to usual care in BCRL. Although the
evidence base is limited, this recommendation is derived from studies of moderate methodological quality, of which four of the
five included studies were RCTs. Hydrotherapy programs which incorporate slow rhythmical movements, deep breathing, and
massage as an adjunct treatment may result in positive outcomes for lymphoedema volume in the short term. Furthermore,
there is emerging evidence to indicate that shoulder strengthening and ROM exercises could be an essential component for
improving upper limb function. From a psychosocial perspective, hydrotherapy in a group-based setting may be an important
consideration in the management of BCRL, with this resulting in greater improvements in QOL. Given the issues with regards
to availability of and access to a hydrotherapy pool, factors such as financial costs and patient preferences should be considered
when recommending this as a co-intervention for BCRL.
Implications for Further Research
Given the heterogeneity of the intervention parameters, it is difficult to ascertain the most effective program type, frequency,
intensity and duration. This diversity also results in varied treatment effects which makes comparisons difficult. Therefore,
future research would benefit from studies that focus on developing standardised intervention parameters. Similarly, for the
same reasons, future research should also focus on the development of standardised outcome measures for BCRL. Finally,
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methodologically sound RCTs that are conducted with larger sample sizes and include long term follow-up that exceeds the
length of the intervention would assist in identifying the sustained impact of hydrotherapy for BCRL.
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